H. Indoor air pollution exposure and lower respiratory infections in young Gambian children. Internationa/Journal of Epidemiology 1991; 20: 424-429. In a rural population-based cohort study of approximately 500 Gambian children under five years old followed for one year, incidence of acute lower respiratory infections (ALRI) was related to various risk factors including parental smoking and regular carriage on the mother's back while cooking, a proxy measure for exposure to smoke from cooking fires. Two statistical analyses using a 'child-weeks at risk' approach were carried out, including and excluding multiple disease episodes in the same child. Weekly surveillance for ALRI found 75 episodes in 62 children. Stratified analyses using both approaches suggested father's smoking, and, for girls only, carriage on the mother's back while cooking and being part of a polygamous family were the main risk factors associated with infection: when multiple episodes occurring in the same child were excluded, not having a health card was an additional risk factor in children over a year old. Multiple logistic regression modelling of data from both approaches, including each of these risk factors and sex, age, village and season, suggested father's smoking, carriage on the mother's back while cooking and being part of a polygamous family increase risk of ALRI, the latter two for girls only. The analysis excluding multiple episodes in the same child also suggested that not having a health card is a risk factor for children aged 1-5 years. The difficulties in interpreting these findings are discussed.
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The strategy of improved case management has been shown to reduce mortality from ARI.
2 However, it can be expected to have little impact on death from very severe pneumonia, which often has a fulminant course uninfluenced by antibiotic treatment, and a limited effect on morbidity from ARI. Therefore, it is important to assess the significance of a number of potential risk factors for ARI and to assess the effectiveness, cost and feasibility of interventions which seek to reduce their effect. Such an approach 3 may identify interventions that prove useful in ARI control.
Biomass fuels such as wood, agricultural waste and manure are derived from vegetable material of recent origin. The health aspects of biomass fuel combustion have recently been reviewed by the World Health Organization (WHO). 4 There is some evidence that domestic smoke pollution from cooking fires is a risk factor for acute lower respiratory infections (ALRI) in young children. It is estimated that about 30% of urban households and 90% of rural households in developing countries rely on biomass fuel materials as the major, or only, source of domestic energy 8 for cooking and sometimes also for domestic heating. These fuels are usually burned under inefficient conditions producing large quantities of smoke and gaseous products, leading to high levels of indoor air pollution. The poor ventilation found in many kitchens in developing countries compounds this problem. Many children are carried on their mother's back or lap during cooking and hence are exposed to these toxic emissions from early infancy.
There are reports from a number of studies documenting representative levels of air pollution in rural households and the physical and social factors that lead to these exposures. 6 ' 9 However, there are relatively few data from developing countries which relate smoke exposure to incidence or severity of lower respiratory infections in young children. We have previously reported the very high indoor paniculate Study does not address death as a health endpoint --only LRIs.
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concentrations found in rural Gambian kitchens.
10
-" Since young children are usually excluded from cooking huts except when carried on their mothers' backs, two groups with substantially different exposure to smoke can be identified: those normally carried and those not normally carried by the mother whilst cooking.
5 Therefore, we related carriage on the mother's back, together with parental smoking and a number of other factors which might influence incidence or severity of ALRI to the incidence of clinical and radiological lower respiratory infection occurring in a rolling cohort of approximately 500 children over a one-year surveillance period.
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METHODS
Study Population
A community-based study of pneumonia in young children was undertaken in a rural area of The Gambia, 350 kilometres from the capital Banjul. An active surveillance programme was instituted for a period of one year in a group of seven villages located 10 to 15 kilometres from the Medical Research Council (MRC) field station in Basse. A cohort of approximately 500 children under five years old were visited weekly and examined for signs of ALRI by trained field workers. The criteria for the diagnosis of ALRI have been described previously. 12 An episode was only considered to represent an ALRI if both clinical and radiological signs were present. X-rays were independently assessed by two clinical investigators.
At the start of the study, the cohort consisted of all under five year old children in the study villages. Children were added to the cohort at birth and dropped from surveillance as they reached the age of five years. Two cross-sectional questionnaire surveys recording possible risk factors for ALRI were carried out, at the beginning and end of the study. These risk factors and bask demographic variables are shown in Table 1 , with their frequency of occurrence in the cohort children. Of the 685 children who were included in the morbidity surveillance at some time during the year, 587 were seen during at least one of these surveys, but because this was a 'rolling cohort', and as some children were away from home for periods of time, many were in the cohort for less than 52 weeks.
The weekly morbidity surveillance of cohort children found 75 episodes of ALRI, as confirmed by X-ray changes, in 62 children during the year.
Statistical Analysis
A 'child-weeks at risk' approach was adopted: the total number of child-weeks of disease in each risk factor category was related to the total number of child- weeks at risk in that category. The first two weeks after any episode of ALRI were omitted from both numerator and denominator, to ensure that the child had recovered before being returned to the cohort. The resulting data set was analysed first by calculating relative rates for each factor, stratifying for sex, age, season and village. The factors found to show a significant association in this way were then considered together using a multiple logistic regression model, to relate the proportion of child weeks with disease to each risk factor, after having adjusted for all the others. Interactions between variables were assessed by fitting a series of logistic regression models.
Two analyses were carried out: (i) including all episodes of ALRI in every child, together with disease-free periods between multiple episodes in the same child. This gave 23 122 childweeks at risk and 75 child-weeks with disease.
(ii) excluding all weeks of observation for any child after the first (or only) episode of ALRI. This gave 21 600 child-weeks of observation and 62 child-weeks with disease.
Age was included as a 'dynamic' variable, age at the time of weekly surveillance, categorized into two groups, 0-11 months and 12-59 months. In this way a child would move from the first to the second category on reaching its first birthday.
RESULTS
Approach (i)
The overall disease rate was 3.2 episodes per 1000 child-weeks at risk. Rates by sex, age, village and season are given in Table 2 .
For each risk factor in turn, estimates of common relative rate across the strata were found and homogeneity across strata was checked. This initial analysis showed that the risk of disease was related to father's smoking, to carriage on the mother's back while cook- ing and to family structure (one or more wives), but for the latter two variables only in female children. Multiple logistic regression was then carried out on these variables together with sex, age, village and season.
The risk from smoking did not increase in a linear way with number of cigarettes smoked, though the rate was consistently higher in the children of relatively heavy smokers (11-20 cigarettes per day) than in children of light smokers and non-smokers. For this reason the smoking variable was reclassified into two groups, 0-10 cigarettes per day and 11-20 cigarettes per day.
The results of the multiple logistic regression modelling are given in Table 3 in the form of adjusted odds ratios and 95% confidence limits for each factor which showed a significant relationship with disease risk. Parental smoking increases risk of ALRI. For girls, but not boys, carriage on the mother's back and being part of a polygamous family increases risk of ALRI. For boys, being part of a polygamous family has a protective effect.
Approach (ii)
The overall disease rate was 2.9 episodes per 1000 child-weeks at risk. The rates by age, sex, village and season are given in Table 4 .
Stratified analysis suggested the same risk factors as with approach (i), with the addition of possession or not of a health card among children over 12 months old. The smoking variable was again reclassified into two groups, for the same reasons as before.
The results of the multiple logistic regression are shown in Table 5 . Parental smoking increases the risk of ALRI, though this result is of borderline significance. For girls, but not boys, carriage on the mother's back and being part of a polygamous family again increase risk of ALRI. In children aged 1-5 years, not having a health card is associated with an increased risk of ALRI. However, for some of these effects the confidence interval for the odds ratio is very wide, reflecting the relatively small number of child-weeks at risk in the relevant category.
TABLE 3 Results of multiple logistic regression, approach (i)
Risk factor
Odds ratio (95% CI) Cooking smoke has protective effect on boys?
Girls result is statistically nonsignificant --confidence interval includes 1.0, the no-effect mark.
Multiple wives has a stronger effect than coking smoke? 
DISCUSSION
The problems inherent in studies which investigate the relationship between illness episodes and possible risk factors are well described. These are particularly important when considering environmental risk factors which often show weak association: bias and confounding may make interpretation of results difficult. Environmental factors are often interrelated so that it is difficult to quantify the effect of each individual factor. Indirect measurements are often used as a proxy for measurement of true exposure, and misclassification of exposure groups may result.
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In this report the information on exposure was based on data collected from simple questionnaire surveys. It is likely that maternal recall of past events or activities is subject to substantial error. If these errors are uniform for all subjects then this will act to reduce the size of any observed associations. However it is possible that an episode of lower respiratory infection in a child may selectively alter maternal recall and lead to false associations. We were unable to confirm the accuracy of our exposure data independently. Techniques now exist to estimate cumulative dose of smoke exposure by urinary cotinine (a metabolic product of nicotine whose excretion is related to frequency of cigarette smoking) and carboxyhaemoglobin measurements: such methods might eliminate the need for indirect measures of smoke exposure. Proxy measures were also adopted for assessment of vitamin A status, socioeconomic status and crowding and may have limited validity as indicators of these risk factors.
Because of the rolling cohort nature of the data, and the highly mobile population, it would be difficult to analyse these data on a truly individual basis rather than as 'child-weeks at risk': either approach (i) or approach (ii) is necessary. The former is appropriate in giving overall disease rates in this cohort. However, the assessment of risk factors by including multiple episodes in the same child in the analysis, as with approach (i), assumes that episodes are independent observations, randomly distributed throughout the cohort. This assumption may be tested by investigating the distribution of ALRI episodes: there were 75 episodes in 685 children (623 children were disease-free, 51 had one episode, 9 had two episodes and 2 had three episodes), giving a mean number of episodes per child as 0.109 in the period observed. This distribution is more widely dispersed than Poisson (chi-squared test = 36.8 on 2df, p<0.001) and thus it would appear that individual episodes are not independent: some children are more likely to have repeated episodes than others. Though the validity of this test may be questionable since not all children were followed up for an equal length of time, it seems reasonable if we assume that length of follow-up is unrelated to disease. The effect of approach (i) is to overemphasize the risk factors of those children who had repeat episodes, whereas approach (ii) might be expected to underestimate them. As multiple episodes are not independent, approach (ii) would seem the better of the two when making inferences relating risk factors to disease, as we would otherwise be biasing the risk factor analysis towards those children who did have more than one episode.
Studies in developed countries have shown an increased incidence of ARI in children of mothers who smoke compared to children of those who do not, with most of the effect being observed during the first two years of life.'*" 16 The fact that relatively low levels of direct tobacco exposure in children and adolescents have a measurable effect on pulmonary function is emphasized by the finding that such exposure has a substantial negative effect on the rate of increase in FEV, (forced expiratory volume) during childhood growth. 17 We found that the incidence of lower respiratory Girls result has an extremely wide confidence interval indicating flaky data.
Number of wives a stronger risk factor than cooking smoke? Reasonable discussion of data shortcomings.
infection in Gambian children is related to their father's smoking habits. Due to the much greater contact between mothers and their children it would be expected that maternal smoking would have a larger effect. However, only 3% of mothers in our study reported regular smoking, so we were unable to investigate this. In this community maternal smoking is unlikely to be an important risk factor.
We were able to show a significant association between smoke exposure and incidence of ALRI, but only in girls. Since combustion of biofuels is not generally required for space heating in rural Gambian populations, smoke exposure is predominantly from cooking fires. Young children are usually excluded from cooking huts except when carried on their mothers' backs. Some mothers regularly carry their youngest child on their back whilst cooking because no other child minder is available to care for the child. This behaviour appears to be consistent over a period of time and changes only when another child is born or the child grows too old. Though the proportion of mothers carrying their children was highest for infants (58%), 31% of four and five-year-old children in our study were still regularly carried by their mothers while cooking. Thus there are two groups of children with substantially different exposure to smoke: those regularly carried and those not regularly carried by the mother whilst cooking. Misclassification of smoke exposure groups may have occurred but is likely to have been uniform for all subjects and hence will have tended to decrease any observed association with ALRI. Approach (ii) would suggest that the strength of the association between smoke exposure and the incidence of ALRI in girls is of greater magnitude than that of parental smoking.
However these results should be interpreted in the light of the methodological problems discussed and bearing in mind that no allowance has been made in significance levels for the multiple comparisons that have been carried out. Future studies should attempt to define groups with substantially different exposure more clearly and make independent measurements of some index of exposure in order to minimize misclassification.
The difference between boys and girls with respect to the effects of carriage on the mother's back and of family structure is unexplained, but the size of the difference between the sexes suggests that this is unlikely to be a chance finding. In our study, girls over one year old were more likely to be carried on their mother's back while cooking than boys (37% girls, 28% boys: chi-square = 4.8, p<0.05): this is not due to weight differences between boys and girls as older girls were, if anything, heavier for their age than the older boys. However, how such differences in maternal behaviour might result in girls having an increased risk of ARI while being carried is unclear. It is possible that older girls, in addition to being more likely to be carried than boys, are carried for longer periods of time. Further more detailed studies, including direct observation of the behaviour of mothers in cooking huts, are needed to investigate this unexpected finding.
We found a weak association indicating an increased risk of ALRI in children over 12 months old without a health card. Not having a health card is likely to reflect maternal education level, socioeconomic status, and attitude to and availability of medical services, so that a link between this and disease might have been expected in all under-fives rather than just the older group.
Our data suggest that there may be a link between ALRI in young Gambian children and paternal smoking and exposure to the smoke of cooking fires. It is thus likely to be important for national ARJ programmes to consider attempts to reduce these risks through parental education, and by improving methods of cooking. However, the cost and feasibility of suitable interventions should be further studied. Given the methodological difficulties inherent in such studies this may be best achieved by an intervention study which creates a low smoke exposure group.
